. DHFR transcription remains upregulated for 30 min after force release. Stress (15 Pa at 0.3 Hz) was applied for 2 min. 5'-end probes for DHFR were used for detection of signals from partial transcripts. RNA FISH signals in cells with force application were normalized by the mean signals in cells without force application at the same time point. n=249, 118, 86, 100, 101, 86, 90 and 112 cells for each relaxation duration after stress application; n=97, 61, 83, 70, 68, 57, 55 and 56 cells for each relaxation duration without stress application; ns = not statistically significant; * P<0.05, ** P<0.01, *** P<0.001; one-way ANOVA with Bonferroni corrections. ; n=43, 40, 48, 73 cells without stress; n=28, 56, 48, 38 cells with stress. * P<0.05, ** P<0.01, *** P<0.001; ns = not statistically significant.
Fig. S3
. Comparison of dynamic responses of DHFR and egr-1 to force. The applied stress was always 15 Pa at 0.3 Hz. RNA FISH signals in cells with force application were normalized by the mean signals in cells without force application at the same time point. 5'-end probes for DHFR were used. n=35, 50, 56, 43, 45, 40, 55, 51, 57 cells without stress for DHFR; n=107, 104, 103, 105, 59, 28, 46, 40, n=36, 69, 59, 71, 51, 58, 51, 44, 49 cells for each stress duration from 5 sec to 1800 sec for DHFR; n=99, 102, 101, 103, 96, 51, 62, 64, 53 cells for each stress duration for egr-1; ns = not statistically significant; * P<0.05, *** P<0.001. Two different siRNAs (#1, #2) were used. (C-F) Quantification of silencing various siRNAs on specific proteins levels and on H3K9me3 levels. (G) Modulation of H3K9me3 levels in CHO cells with SUV39h1 siRNA #1 or KDM4D siRNA #1 regulates force-induced upregulation of gene transcription. For RNA FISH detection of transcription of DHFR (2 min stress, 5'-end probes), egr-1 (2 min stress), Cav1 (10 min stress) and FKBP5 (10 min stress), cells were stressed by 15 Pa stress at 0.3 Hz. n=81, 91, 74, 100, 74, 97 for DHFR; n=99, 72, 107, 66, 86, n=76, 54, 57, 40, 70, 67 for Cav1; n=97, 50, 70, 59, 83, 118 for FKBP5. Note that the data in (G) are very similar to those in Fig. 4H except that here there is slight upregulation of egr-1 or Cav1 by force in the presence of KDM4D siRNA #1. Mean + s.e.m.; ns = not statistically significant; * P<0.05, ** P<0.01, *** P<0.001; one-way ANOVA with Bonferroni Test. Fig. S8 . Histone modifications control force-induced gene upregulation. UNC0638 (reduces H3K9me2 levels, 0.25 µM for 24 hrs), KDM5-C70 (Histone demethylases inhibitor to increase H3K4me3, 3 µM for 24 hrs), Trichostatin A (TSA, a deacetylase inhibitor to increase H3K9ac, 0.3 µM for 24 hrs), Chaetocin (Histone methyltransferase inhibitor to decrease H3K9me3, 0.3 µM for 4 hrs), JIB-04 (Histone demethylases inhibitor to increase H3K9me3, 3 µM for 4 hrs). Following the drug treatment, cells were stressed by 15 Pa stress at 0.3 Hz for 2 min for DHFR and 10 min for FKBP5. RNA FISH signals were normalized by cells without stress, pretreated with 0.1% DMSO only or drug only. (A) Various specific drugs induced changes in specific histone modifications quantified using ELISA assays. (B, C) Changes in transcription for DHFR or FKBP5 in response to different drugs. In (B), n=128, 118, 100, 95, 101, 90, 116, 98, 92, 84, 56, 116 cells for DHFR; in (C), n=76, 87, 84, 82, 96, 76, 69, 50, 73, 52, 34 , 63 cells for FKBP5. Mean + s.e.m., * P<0.05, ** P<0.01, *** P<0.001; ns=not statistically significant. One-way ANOVA with Bonferroni corrections.. Three separate experiments each for A through C.
Fig. S9. Chromatin stretching varies with location of DHFR GFP spots and H3K9me3 levels. (A)
Chromatin stretching of DHFR GFP spots is higher at nuclear interiors than at nuclear peripheries. Stress was 15 Pa at 0.3 Hz. 0-1.5 m: Chromatin located 0-1.5 m from the nuclear periphery; >1.5 m: Chromatin located greater than 1.5 m from the nuclear periphery. n=5 cells for 0-1.5 m and n=110 cells for >1.5 m. Note that DHFR gene was located mostly at nuclear interiors and very few could be observed at nuclear peripheries. (B) Chromatin stretching depends on the H3K9me3 levels. These data were collected from DHFR GFP spots at nuclear interiors. Mean + s.e.m.; n=37, 34 and 52 cells for DMSO, Chaetocin and JIB-04 respectively; * P<0.05, *** P<0.001. For B, one-way ANOVA with Bonferroni Test was employed. The 7.5-Pa stress induced DHFR activation transcripts located >1.5 µm to the nuclear periphery, while the 15-Pa stress did not when DHFR located 0-1.5 µm from the nuclear periphery, suggesting that the level of H3K9me3 controls force-induced rapid gene activation. The red dashed line is the no stress baseline. Mean + s.e.m., ns=not statistically significant, n=77 (at>1.5 m) and 5 (at 0-1.5 m) cells in (A); n=99 (at>1.5 m) and 7 (at 0-1.5 m) cells in (B) (note that very few DHFR located near the periphery); 3 experiments; * P<0.05; Student's t-test.
